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INTRODUCTION
Urinary sodium (Na) excretion is used as an assessment tool for salt intake and in the assessment of salt handling. The phenotypical representation of salt homeostasis may result from a dynamic interplay between genes and the environment. One major environmental factor influencing renal sodium handling is dietary salt (NaCl) intake.
The two most widely used methods to determine urinary sodium excretion and subsequent salt intake are the measurement of sodium in a 24-hour urine collection and the estimation of sodium excretion from the Na/creatinine (Cr) ratio in spot urine samples (1) . Currently, the most reliable and readily used method in clinical and epidemiological studies is the 24-hour urine collection. Nonetheless, it is considered more cumbersome by research participants and patients. It has also been suggested that daily Na excretion may vary from day to day which would further require the collection of multiple samples. In contrast, spot urine collections are considered less reliable but more suitable for participants in clinical practice and large studies. Thus, considering the convenience of opting for such a method over a 24-hour urine collection, it is of interest to determine whether a spot urine sample or another timed sample can accurately reflect Na excretion in a 24-hour urine collection. In fact, several studies have attempted to highlight the benefits of using a spot urine sample. An epidemiological study conducted by Mann et al reported a strong correlation between the late afternoon Na/Cr ratio of a spot urine sample with the Na excretion per amount of creatinine in a 24-hour urine sample (2) . Similarly, another epidemiological study conducted in the Japanese population evaluated the correlation between a spot sample and a 24-hour urine collection for both sodium and potassium (3) . The study established that the urine spot sample was in fact an accurate and time-saving method in measuring the population's mean of sodium and potassium excretion (3) .
In addition, the degree of correlation of the measured 24-hour urinary sodium excretion with an estimated 24-hour urinary sodium excretion from a spot sample might be dependent on the degree of the average salt consumption of the population. Afro-Caribbean people are thought to consume relatively higher amounts of dietary sodium. However, noted studies were done with participants mainly of European and Asian descent, hence there is a need to determine if the same is observed in persons of African descent, more specifically the Afro-Caribbean ethnic group.
SUBJECTS AND METHODS
The study was approved by the Institutional Review Board of the University of the West Indies, Cave Hill campus/Ministry of Health, Barbados. Thirty healthy participants of Afro-Caribbean origin were recruited from both The University of the West Indies campus and the Hilton Barbados. In total, 14 males and 16 females ranging in age from 21-55 years participated in the study. Subjects with at least one of the following criteria were to be excluded from the study: high alcohol consumption (> 14 units women, 21 units men per week) and recreational drug use, smokers for more than a year, diabetes (diagnosed or on fasting blood glucose), hypertension (on medication, so Joint National Committee (JNC) pre-hypertension acceptable), clinically evident vascular disease or a body mass index (BMI) < 18 kg/m 2 or > 36 kg/m 2 .
Participants were observed on two separate occasions. Upon the first visit, each participant was provided with a container to collect a 24-hour urine sample. During the second visit, anthropometric measurements were noted and urine samples were returned.
The 24-hour urine sample was collected as documented in the study's standard clinical procedure. Hence, a 24-hour urine sample was collected as two separate 12-hour AM and PM samples. In addition, two spot samples (AM and PM) were taken during each 12-hour sample collection period. The AM spot sample was defined as the second urine voided for the day and the PM spot sample was defined as the first urine voided after a 12-hour period (collected in the evening). All volumes were recorded. Fifteen millilitres (15 mLs) of all samples were submitted to the Chemical Pathology Laboratory at the Queen Elizabeth Hospital, Bridgetown, Barbados for analysis. Analysis of the urinary parameters of sodium and creatinine was done with a Roche/Hitachi Modular System (Roche Diagnostics, IN, USA). SPSS version 19 was used to analyse the data to make inferences.
RESULTS
Thirty persons participated in this study: 16 females and 14 males. All participants were of Afro-Caribbean descent. The average age and BMI were 38 ± 17 years and 25.32 ± 5.98 kg/m 2 , respectively. The Pearson's linear regression was used to interpret the data. Statistical significance was noted at the 95% confidence level.
In order to determine the estimated 24-hour urinary sodium from each spot and 12-hour sample, the following equation was used: Na sample /Cr sample = Na 24 hour /Cr 24 hour . The estimated 24-hour urinary sodium excretion for each sample was then analysed against the measured 24-hour urinary sodium excretion. Pearson's linear correlation coefficient (r) was calculated to assess the relation between parameters. Correlations were considered statistically significant if the p-value was below 0.05. Furthermore, gender sub-groups were analysed for trends. Table 1 shows the mean measured and estimated 24-hour urinary sodium excretion values from the various collected samples. Table 2 highlights the correlation between estimated 24-hour urinary sodium and measured 24-hour urinary 183 sodium excretion. Amongst all samples, the greatest correlation was observed in the 12-hour PM sample (r = 0.786, p < 0.001) followed by the 12-hour AM sample (r = 0.774, p < 0.001). Also, the PM spot sample showed a weaker, but still statistically significant correlation to the 24-hour measured sodium excretion (r = 0.404, p = 0.045). However, the AM spot sample showed a very weak and insignificant correlation (r = 0.05, p = 0.807) to the measured 24-hour sodium values.
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in the gender sub-groups. The females demonstrated the same relationship as the entire sample. Hence, the 12-hour PM sample had the greatest correlation (r = 0.819, p < 0.001), followed by the 12-hour AM (r = 0.793, p = 0.001) and the PM spot samples (r = 0.741, p = 0.02). The AM spot sample showed weak and insignificant correlation (r = 0.369, p = 0.159) to the measured 24-hour urinary sodium excretion. The correlation between variables is weaker in males compared to the females, such that the correlation of the estimated 24-hour urinary sodium excretion from the PM spot sample and the measured 24-hour urinary sodium excretion loses significance in this sub-group.
DISCUSSION
Several studies comparing estimated urinary sodium excretion in spot urine samples with measured sodium in 24-hour collections have reported a strong correlation between afternoon samples and 24-hour sodium excretion values (2, 9) . The results of this study support the use of the afternoon 12-hour timed samples more so than the afternoon spot sample. Unlike this study, other studies which investigated this research question focussed on Caucasians, Asians or a mixed population in which Afro-Caribbean people were not predominant. As evidenced by Tables 2 and 3 , the Na/Cr ratio of the 12-hour PM sample is highly correlated with and statistically significant to the 24-hour collection.
An important difference in male and female values is seen. The correlation between variables is weaker in males than in females, such that the correlation of the estimated 24-hour urinary sodium excretion from the PM spot sample and the measured 24-hour urinary sodium excretion loses significance. This may be due to the difference in muscle mass between males and females. Males are thought to have more muscle mass than women and consequently larger urinary creatinine levels (10, 11) . In fact, studies have indicated a high correlation between urinary creatinine concentrations and muscle mass (10) (11) (12) . Therefore, higher creatinine excretion in males may affect the estimation equation and subsequently the estimated values, thus justifying weaker values in the male sub-group. This finding presents a possible gender limitation in the use of spot/less than 24-hour timed samples in males. A method to correct for the high variability of creatinine should therefore be considered.
Typically, a 24-hour urinary sodium excretion can account for 95%-98% of dietary sodium intake (13). However, studies have determined that within-person variability in sodium excretion may be as high as 30% (13) . The 12-hour PM sample provides a wider time span and reflects the 24-hour sodium excretion more accurately than the PM spot sample due to its less likely susceptibility to differences caused by individual's variations in sodium consumption; which can also vary widely in the same person during a short span of time. After consumption of a salty meal, the spot sample collected will most likely have a weaker correlation with the 24-hour collection compared to the 12-hour sample, which better reflects the overall salt consumption during that period of time. Such results highlight the usefulness and effectiveness of using the other options (12-hour timed samples) in predicting 24-hour urinary sodium excretion.
CONCLUSION
Overall, this study shows a clear correlation between the estimated 24-hour urinary sodium excretion in a 12-hour PM sample and the measured 24-hour urinary sodium values, specifically in the sample of Afro-Caribbean study participants. Such findings support the thought of using alternate sampling measures to determine sodium excretion, in view of replacing the cumbersome 24-hour urinary collection. Nonetheless, a more robust and randomized population sample as well as a method to correct for high creatinine variability is required to further enhance the significance of the obtained results. Table 3 displays the correlation between estimated 24-hour urinary sodium and measured 24-hour urinary sodium
